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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the moisture content of an electrolyte film by forming a 
multiple- layered electrolyte film of the porous electrolyte formed with at least one electrolyte 
film having three-dimensional communication holes except for both sides electrolyte films. 
SOLUTION: After adjusting the concentration of the electrolyte solution obtained by dissolving 
the solvent containing alcohol, the electrolyte solution is coated on one surface of an 
electrolyte film into the layered-structure for porous treatment, and an electrolyte solution 
coated layer is formed into the porous electrolyte having three-dimensional communication 
holes. Continuously, this electrolyte is laminated on a perfluorosulfonic acid resin film, so that 
the porous electrolyte film contacts with the resin film. This film is heated at 1 25° C and 
pressurized at 50-500 kg/cm2 for integral bonding. A three-layered multiple-layered electrolyte 
film forming with the perfluorosulfonic acid resin film in both sides thereof and the three- 
dimensional communication holes between them is formed. This multiple-layered electrolyte film 
holds water in holes parts of the porous electrolyte having the three-dimensional holes for 
raising the moisture content of the electrolyte film, and increase in the resistance of the 
electrolyte due to the lowering of the moisture content is restrained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The double layer electrolyte membrane characterized by at least one electrolyte layer 
except the electrolyte layer of both sides being the porosity electrolyte which has the hole of 
three-dimensions free passage nature. 

[Claim 2] The manufacture approach of a double layer electrolyte membrane that at least one 
electrolyte layer except the electrolyte layer of both sides is characterized by being the porosity 
electrolyte which has the hole of three-dimensions free passage nature by arranging the 
electrolyte membrane in which the porosity electrolyte layer which has the hole of three- 
dimensions free passage nature was formed to one [ at least ] field, to an electrolyte membrane 
so that a porosity electrolyte layer may touch, and making it into one. 

[Claim 3] The solid-state polyelectrolyte mold fuel cell characterized by having claim 1 and a 
double layer electrolyte membrane according to claim 2. 

[Claim 4] The operating method of the solid-state polyelectrolyte mold fuel cell according to 
claim 3 characterized by supplying a fuel, an oxidizer, or its both by no humidifying. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a solid-state polyelectrolyte mold fuel cell 

equipped with an electrolyte membrane. 

[0002] 

[Description of the Prior Art] A solid-state polyelectrolyte mold fuel cell is electrochemistry 
equipment which supply oxygen to hydrogen and a cathode as an oxidizer, they are made to 
react to an anode electrochemically as a fuel, and obtains power. It is a gas diffusion electrode, 
and an anode is joined to one field of an electrolyte membrane, they join a cathode to another 
field, and an anode and a cathode constitute a gas diffusion electrode-electrolyte membrane 
zygote. The gas diffusion electrode consisted of a gaseous diffusion layer and a reaction layer, 
the catalyst bed of an anode and a cathode is equipped with the carbon particle which supported 
the metal particles or these particles of a platinum metal as a catalyst, and the porosity carbon 
paper with which a gaseous diffusion layer has water repellence is used. 

[0003] The cell which pinches this gas diffusion electrode-electrolyte membrane zygote with the 
separator of the pair of gas impermeability with which gas supply passage was formed, and 
serves as a base unit is constituted. The laminating of two or more these cells is carried out, and 
a solid-state polyelectrolyte mold fuel cell is constituted. 

[0004] When a solid-state polyelectrolyte mold fuel cell is operated, with an anode, it is 2H2. -> 
4H+ + With a 4e-cathode, it is 02. + 4H+ + 4e- -> The electrochemical reaction of 2H20 
advances. 

[0005] a solid-state polyelectrolyte mold fuel cell — it is and the film in which an electrolyte is 
the film of a macromolecule, for example, it is a kind of the ion-exchange-resin film, and proton 
conductivity, such as perphloro sulfonic-acid— type-resin film, is shown is used. The proton which 
these electrolyte membranes showed proton conductivity according to the moisture state, and 
was generated from hydrogen with the anode is transmitted to a cathode through an electrolyte 
membrane with some water of hydration, reacts with oxygen, and water generates it However, 
by dryness, proton conductivity is not shown, and if the moisture content of an electrolyte 
membrane decreases, proton conductivity decreases, it has, and as for these electrolyte 
membranes, membrane resistance increases. 

[0006] If a solid-state polyelectrolyte mold fuel cell is operated, the moisture content of the 
electrolyte membrane by the side of an anode will fall for migration of the water of hydration, and 
it will become the cause of resistance of an electrolyte membrane of increase. In order to 
prevent this, the fuel gas supplied to an anode is humidified and supplied to the condition that 
moisture is included. In a solid-state polyelectrolyte mold fuel cell, since increase of resistance 
by reduction of the moisture content of an electrolyte membrane increases resistance 
overvoltage remarkably and causes [ of output characteristics ] a fall, for a high increase in 
power, it is important to maintain the high moisture content of an electrolyte membrane. 
[0007] In order to maintain the moisture content of an electrolyte membrane, the approach of 
the water management of a ** sake is proposed in the moisture content of an electrolyte 
membrane other than the approach of supplying the humidified fuel gas. For example, there is an 
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approach using the thin electrolyte membrane of thickness. In the cathode side of an electrolyte 
membrane, moisture content becomes superfluous to an anode side by migration of the water of 
hydration accompanying the water and the proton shift which are generated by electrode 
reaction. That is, the inclination of moisture content arises in an electrolyte membrane. At this 
time, the concentration gradient of the water in an electrolyte membrane serves as driving force, 
and the back diffusion of electrons of the water by the side of an anode happens from a cathode 
side. Since a concentration gradient becomes sudden so that an electrolyte membrane is thin, 
the back diffusion of electrons of water happens mostly, and the contribution to control of a fall 
of the moisture content by the side of a cathode becomes large. 

[0008] Moreover, in order to maintain the moisture content of an electrolyte membrane, there is 
an approach about the supply approaches of the water to an electrolyte membrane, such as the 
approach of embedding the fiber which has absorptivity at the approach of contacting an end or 
some of electrolyte membrane in water, and supplying water or an electrolyte membrane, 
contacting the end of the fiber in water, and supplying water by the wick, or the inside of the 
approach of improving water retention by distributing very fine particles, such as titanium oxide, 
in an electrolyte membrane, or an electrolyte membrane — the very fine particle of platinum — 
distribution — the approach of improving the moisture content of electrolyte membranes, such 
as the approach of generating water from the oxygen and hydrogen which penetrate an 
electrolyte membrane by things, is proposed. 
[0009] 

[Problem(s) to be Solved by the Invention] However, by the approach of making thickness of an 
electrolyte membrane thin, if thickness is thin and it carries out, the reinforcement of an 
electrolyte membrane will decrease. For this reason, in order to maintain the reinforcement 
which can constitute a solid-state polyelectrolyte mold fuel cell, there is a limitation also in 
reduction of thickness. It is also required to, heighten the water holding capacity of the 
electrolyte membrane itself on the other hand, in order to maintain the moisture content of an 
electrolyte membrane. However, it is difficult to supply water sufficient by the approach using 
wicks, such as contact in water, and fiber of absorptivity. 

[0010] The approach of distributing titanium oxide in an electrolyte membrane is inadequate for 
improving the water holding capacity of an electrolyte membrane. Moreover, by the approach of 
distributing platinum in an electrolyte membrane, in order for a production process to become 
complicated and to use expensive platinum, cost becomes high. Therefore, improving the water 
retention of an electrolyte membrane and making membrane resistance small for the high 
increase in power of a solid-state polyelectrolyte mold fuel cell, and the manufacture approach 
[ that the electrolyte membrane is simple and low cost ] are required. 
[0011] 

[Means for Solving the Problem] At least one electrolyte layer except the electrolyte layer of 
both sides forms the double layer electrolyte membrane which is the porosity electrolyte which 
has the hole of three-dimensions free passage nature, and improvement in the water nature of 
an electrolyte membrane is aimed at by making water hold to the hole of this porosity electrolyte 
layer. By making into an electrolyte membrane and one the electrolyte membrane which formed 
in the field the porosity electrolyte layer which has the hole of three-dimensions free passage 
nature at least at one side so that a porosity electrolyte layer may touch, at least one 
electrolyte layer except the electrolyte layer of both sides offers manufacture ****** of a 
double layer electrolyte membrane which has the hole of three-dimensions free passage nature 
and which is a porosity electrolyte layer. 

[0012] The solid-state polyelectrolyte mold fuel cell with which at least one electrolyte layer 
except the electrolyte layer of both sides is equipped with the double layer electrolyte 
membrane which is the porosity electrolyte which has the hole of three-dimensions free passage 
nature is constituted. While reducing the resistance overvoltage which aims at improvement in 
the water nature of an electrolyte membrane, controls and has increase of membrane resistance, 
and originates in membrane resistance and carrying out a high increase in power of the solid- 
state polyelectrolyte mold fuel cell, even when it supplies without humidifying a fuel and an 
oxidizer, the moisture content of an electrolyte membrane is maintained and an output is 
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stabilized. 
[0013] 

[Embodiment of the Invention] The manufacture approach of the double layer electrolyte 
membrane of this invention consists of the following two phases. 

[0014] In a phase 1, the porosity electrolyte layer which has the hole of three-dimensions free 

passage nature is formed in one [ at least ] field of an electrolyte membrane. 

[0015] In a phase 2, the double layer electrolyte membrane of this invention is produced by 

arranging an electrolyte membrane equipped with the porosity electrolyte layer which has the 

hole of the produced three-dimensions free passage nature to an electrolyte membrane so that 

a porous electrolyte layer may touch, and making it into one. 

[0016] First, a phase 1 is explained. 

[0017] The porosity electrolyte layer which has the hole of three-dimensions free passage 
nature is producible as follows. That is, after adjusting the concentration of the solution of the 
electrolyte which dissolved in the solvent containing alcohols, it applies to one [ at least ] field of 
an electrolyte membrane in the shape of a layer, and porosity — ization-processes, and the 
spreading layer of an electrolytic solution is used as the porosity electrolyte which has the hole 
of three-dimensions free passage nature. Porosity-ized processing is immersed in the organic 
solvent which has polar groups other than an alcoholic hydroxyl group, and the porosity 
electrolyte which the electrolyte which is dissolving by this processing solidifies and has the hole 
of three-dimensions free passage nature is formed. 

[0018] Below, an example of the approach of production of a porosity electrolyte layer which has 
the hole of three-dimensions free passage nature is explained concretely. 

[0019] As a solution which dissolved the electrolyte in the solvent containing alcohols, the 5wt% 
Nafion solution (the U.S. and Aldrich) which is a solution of commercial perphloro sulfonic acid 
type resin can be used. The Nafion solution of various concentration is prepared by condensing 
this Nafion solution. 

[0020] As an electrolyte membrane, Nafion 112 film (U.S., Du Pont) which is commercial 
perphloro sulfonic-acid-type-resin film can be used. After boiling this electrolyte membrane with 
purified water for 1 hour, it saves at the purified water of a room temperature. Take out this 
swollen electrolyte membrane from ethanol, and ethanol with a membranous excessive front face 
is wiped off with a paper towel etc. then — for example, . which it is immersed [ . ] in ethanol, 
such as ethanol, and makes an electrolyte membrane swell further — After applying to the field 
of one side at least the Nafion solution which prepared above-mentioned concentration with the 
means of a spray etc. and forming an electrolyte membrane-electrolytic solution spreading 
object, as an organic solvent which has polar groups other than an alcoholic hydroxyl group For 
example, in butyl acetate, it is immersed and the above-mentioned electrolyte membrane- 
electrolytic solution spreading object is left 

[0021] Then, if an electrolyte membrane-electrolytic solution spreading object is taken out from 
butyl acetate and it dries at a room temperature, the electrolyte membrane in which the porosity 
electrolyte layer of an electrolyte membrane which has the hole of three-dimensions free 
passage nature in the field of one side was formed is producible at least. In addition, Nafion is 
the trademark of Du Pont. 

[0022] Although explained here using the 5wt% Nafion solution which is a solution of commercial 
perphloro sulfonic acid type resin as a solution which dissolved the electrolyte in the solvent 
containing alcohols That this invention is not limited to this solution and should just be the 
solution of perphloro sulfonic acid type resin For example, the solution of other perphloro 
sulfonic acid type resin, such as deflection myon (trademark of Asahi glass), can be used, and 
the concentration of an electrolytic solution can be changed into arbitration by approaches, such 
as dilution or concentration. 

[0023] As for electrolytic dilution, carbon numbers, such as a methanol, ethanol, 1-propanol, 2- 
propanol, 1-butanol, or 2-butanol, can use mixture for four or less alcohol, water, or these. 
Concentration can remove some solvents of an electrolytic solution by approaches, such as 
heating and a vacuum drying. 

[0024] Although explained using Nafion 112 as an electrolyte membrane, which film may be used 
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as long as it is the poly membrane which shows proton conductivity according to moisture 
states, such as electrolyte membranes of a hydrocarbon system, such as electrolyte membranes 
of a fluorine system, such as other perphloro sulfonic-acid film and perphloro carboxylic-acid 
film, or a styrene vinylbenzene sulfonic acid. Moreover, the casting film produced from the 
electrolytic solution can also be used besides the electrolyte membrane marketed by the shape 
of film. However, in these poly membranes, the fluorine system electrolyte membranes excellent 
in thermal resistance, such as perphloro sulfonic-acid film and perphloro carboxylic-acid film, are 
desirable. 

[0025] Spreading of the electrolytic solution to an electrolyte membrane has a doctor blade 
method, screen printing, etc. as approaches other than a spray, and can use a well-known 
approach conventionally. 

[0026] As for the alcohol to which humidity of the electrolyte membrane of a moisture state is 
carried out, the carbon number other than ethanol can also use four or less methanol, 1- 
propanol, 2-propanol, 1-butanol, or 2-butanol. 

[0027] the carbon number of the chain which the organic solvent which has polar groups other 
than an alcoholic hydroxyl group is not limited to butyl acetate, and has an alkoxy carbonyl group 
in intramolecular — the organic solvent of 1-7 — for example Formic acid propyl, formic acid 
butyl, formic acid isobutyl, ethyl acetate, propyl acetate, Isopropyl acetate, an acetic-acid allyl 
compound, butyl acetate, isobutyl acetate, pentyl acetate, Isopentyl acetate, methyl propionate, 
ethyl propionate, propionic-acid propyl, A methyl acrylate, butyl acrylate, isobutyl acrylate, 
methyl butyrate, Isobutyric-acid methyl, ethyl butylate, isobutyric-acid ethyl, a methyl 
methacrylate, the carbon number of independent or the chains which have ether linkage in 
mixture or intramolecular, such as butanoic acid propyl, isobutyric-acid isopropyl, 2-ethoxyethyl 
acetate, and acetic-acid 2-(2 ethoxy ethoxy) ethyl, — the organic solvent of 3-5 — for example 
Dipropyl ether, dibutyl ether, ethylene glycol wood ether, the carbon number of independent or 
the chains which have a carbonyl group in mixture or intramolecular, such as ethylene glycol 
diethylether, tripropyllene glycol monomethyl ether, and a tetrahydrofuran, — the organic solvent 
of 4-8 — for example the carbon number of independent or the chains which have an amino 
group in mixture or intramolecular, such as methyl butyl ketone, methyl isobutyl ketone, methyl 
hexyl ketone, and dipropyl ketone, — the organic solvent of 1-5 — for example the carbon 
number of independent or the chains which have a carboxyl group in mixture or intramolecular, 
such as isopropylamine, an isobutyl amine, a TASHARU butylamine, an isopentyl amine, and 
diethylamine, — the organic solvent of 1-6 — for example Independent or the things which are 
obtained from mixture or such combination, such as a propionic acid, a valeric acid, a caproic 
acid, and oenanthic acid, can be used. 

[0028] Thus, an example of drawing (electron microscope photograph) having shown the situation 
of the front face of a porosity electrolyte layer which has the hole of producing three- 
dimensions free passage nature is shown in drawin g 2 . The hole part is open for free passage, 
and is formed in three dimensions, and the electrolyte part is continuing reticulated and is 
formed in three dimensions. 

[0029] Moreover, drawing 3 is the mimetic diagram having shown the situation of the basic 
configuration of the front face of a porosity electrolyte layer which has the hole of three- 
dimensions free passage nature. The path of the electrolyte part of the porosity electrolyte layer 
in which 4 has the hole of three-dimensions free passage nature for the diameter of opening of 
the hole part of the porosity electrolyte layer in which 3 has the hole of three-dimensions free 
passage nature for the hole part of the porosity electrolyte layer in which 2 has the hole of 
three-dimensions free passage nature for the electrolyte part of the porosity electrolyte layer in 
which 1 has the hole of three-dimensions free passage nature is shown, respectively. 
[0030] Drawing 2 is a porosity electrolyte layer which has the hole of the three-dimensions free 
passage nature at the time of using a 16wt% Nafion solution, the path of the electrolyte part of 
the porosity electrolyte layer in which the diameter of opening of the hole part of a porosity 
electrolyte layer which has the hole of three-dimensions free passage nature has the hole of 
0.3-5.0 micrometers and three-dimensions free passage nature is 0.2-1.0 micrometers, and 
porosity is 70%. 
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[0031] The path of the range of 0.1-10 micrometers and the frame part of reticulated skeletal 
structure can be adjusted to the range of 0.1-30 micrometers, and the concentration of the 
Nafion solution applied to an electrolyte membrane can adjust porosity for the diameter of 
opening of the mesh part of the reticulated skeletal structure of a porosity electrolyte layer 
which has the hole of three-dimensions free passage nature to 10 - 90% in the range. The 
amount of the Nafion solution to apply can adjust the thickness of the porosity electrolyte layer 
which has the hole of the three-dimensions free passage nature formed in the field of an 
electrolyte membrane in 1-50 micrometers. 
[0032] Below, a phase 2 is explained. 

[0033] At least one electrolyte layer except the electrolyte layer of both sides can produce as 
follows the double layer electrolyte membrane which is the porosity electrolyte which has the 
hole of three-dimensions free passage nature, for example. That is, it is made an electrolyte 
membrane and one so that the porosity electrolyte layer of the electrolyte membrane which 
equipped one [ which was produced in the phase 1 / at least ] field with the porosity electrolyte 
layer which has the hole of three-dimensions free passage nature may touch. 
[0034] Below, at least one electrolyte layer except the electrolyte layer of both sides explains 
concretely an example of the approach of production of a double layer electrolyte membrane 
which has the hole of three-dimensions free passage nature and which is a porosity electrolyte. 
[0035] The laminating of the electrolyte equipped with the porosity electrolyte layer which while 
produced and has the hole of three-dimensions free passage nature in a field in a phase 1 is 
carried out to Nafion 1 12 so that a porous electrolyte layer may touch. The heating pressure 
welding of this layered product is carried out for 3 minutes at 50kg/cm2 - 500kg/cm2 and 125 
degrees C, and it joins to one. Both sides are Nafion 112 film and the double layer electrolyte 
membrane of this invention which consists of three layers in which the porosity electrolyte which 
has the hole of three-dimensions free passage nature among these was formed is formed. The 
mimetic diagram of the double layer electrolyte membrane of this this invention is shown in 
drawin g 1 . 

[0036] In this explanation, although the electrolyte membrane equipped with the porosity 
electrolyte which has the hole of the three-dimensions free passage nature produced in the 
phase 1 equips only one side with the porosity electrolyte, it can also use that with which both 
sides are equipped. In this case, the double layer electrolyte membrane of this invention 
equipped with the porosity electrolyte which has the hole of three-dimensions free passage 
nature is formed also in the front face which consists of four layers. 

[0037] Although explained using Nafion 112 as an electrolyte membrane joined to an electrolyte 
membrane equipped with the porosity electrolyte which has the hole of the three-dimensions 
free passage nature produced in the phase 1, which film may be used as long as it is the poly 
membrane which shows proton conductivity according to moisture states, such as electrolyte 
membranes of a hydrocarbon system, such as electrolyte membranes of a fluorine system, such 
as other perphloro sulfonic-acid film and perphloro carboxylic-acid film, or a styrene 
vinylbenzene sulfonic acid Moreover, the casting film produced from the electrolytic solution can 
also be used besides the electrolyte membrane marketed by the shape of film. 
[0038] The pressure, temperature, and time amount when carrying out a heating pressure 
welding of an above-mentioned electrolyte membrane are decided by such balance, and 
conditions are decided according to a case 50kg/cm2 - 500kg/cm2 and in 100 degrees C - 175 
degrees C. 

[0039] Moreover, the double layer electrolyte membrane with which the imperforation electrolyte 
layer and the porous electrolyte layer had structure at the double three-layer layer electrolyte 
membrane of produced this invention repeatedly as a laminating is carried out so that a porous 
electrolyte layer may touch, and it joined to one with a heating pressure welding and the 
electrolyte equipped with the porosity electrolyte layer which has the hole of three-dimensions 
free passage nature in one [ further ] field was shown at drawing 4 can be constituted. 
[0040] Thus, by repeating that arbitration carries out count junction of the electrolyte which 
equipped one field with the porosity electrolyte layer which has the hole of three-dimensions 
free passage nature, an imperforation electrolyte layer and a porous electrolyte layer can 
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constitute the double layer electrolyte membrane of this invention which has repetition structure 

which is the count of arbitration. 

[0041] 

[Example] Next, the suitable example of this invention is explained with reference to a drawing. 
[0042] An example of implementation of the manufacture approach of the double layer 
electrolyte membrane of [example 1] this invention is explained. Drawing 5 is the float Fig. having 
shown an example of operation of the production process of the double layer electrolyte 
membrane of this invention. Manufacture of the double layer electrolyte membrane of this 
invention consists of six processes, and explains each process concretely using drawing 5 . 
[0043] The concentration of an electrolytic solution was prepared at the first process. Taking 
and agitating a commercial 5wt% Nafion solution into a sample bottle, it heated at 60 degrees and 
the solution was condensed to 1 6wt(s)%. 

[0044] At the second process, the electrolytic casting film was formed from the condensed 
Nafion solution. Using the doctor blade which adjusted spacing to 0.33mm, the 16wt% Nafion 
solution was applied to aluminum foil, it dried, and the casting film of Nafion was formed on 
aluminum foil. When the thickness of this film is measured, it is about 22 micrometers, and let 
this be an electrolyte membrane A1. 

[0045] At the third process, the porosity electrolyte layer which has the hole of three- 
dimensions free passage nature in an electrolyte membrane A1 was formed. After applying to the 
electrolyte membrane A1 on the aluminum foil which produced the 1 6wt% Nafion solution at the 
second process using the doctor blade which adjusted spacing to 0.16mm and being immersed in 
butyl acetate for 1 0 minutes as porosityHzed processing, the porosity electrolyte layer which 
dries at a room temperature and has the hole of three-dimensions free passage nature on the 
front face of the electrolyte membrane A1 on aluminum foil was formed. Let this be an 
electrolyte membrane A2. The thickness of the formed porous electrolyte layer was about 1 7 
micrometers. 

[0046] At the fourth process, the electrolyte membrane A2 was joined and the double layer 
electrolyte membrane was produced. The laminating of the electrolyte membrane A2 of two 
sheets formed on aluminum foil is carried out so that a porous electrolyte layer may face each 
other. This layered product was installed in the press fixture, the heating pressure welding was 
carried out for 3 minutes at 1 00kg/cm2 and 1 25 degrees C, the electrolyte membrane A2 of two 
sheets was joined to one, and the double layer electrolyte membrane of this invention in the 
condition that aluminum foil adhered was formed in both sides. 

[0047] At the fifth process, aluminum foil was removed from the produced double layer 
electrolyte membrane. It is in the condition that aluminum foil has adhered to both sides of the 
produced double layer electrolyte membrane. This was immersed in the dilute sulfuric acid of 
0.5M, aluminum foil was dissolved and removed, and the double layer electrolyte membrane of 
this invention was obtained. The thickness of the double layer electrolyte membrane of this this 
invention was about 59 micrometers in the moisture state. 

[0048] At the sixth process, it pretreated to the double layer electrolyte membrane of produced 
this invention. After moving the produced double layer electrolyte membrane to another dilute 
sulfuric acid of 0.5M and boiling it for 1 hour, processing which washes 5 times with purified 
water and uses an electrolyte membrane as a proton mold was performed, and it saved in 
purified water. 

[0049] Thus, let the double layer electrolyte membrane of produced this invention be the double 
layer electrolyte membrane A. 

[0050] The solid-state polyelectrolyte mold fuel cell equipped with the double layer electrolyte 
membrane A by this invention was produced. . which shows the production approach below — 
the catalyst bed was first formed in both sides of the double layer electrolyte membrane A of 
this invention as follows, namely, platinum — 30wt(s)% — in addition to [ 45ml of purified water ] 
2.6g of supported carbon catalysts, in addition, a platinum support carbon catalyst is distributed 
to water / 2-propanol mixed solvent, diffusing 2-propanol 45ml gradually subsequently, and it 
mixes for 30 minutes using a stirrer further. After agitating for 30 minutes after addition in 
addition gradually, agitating 0.5ml (the Dupont-Mitsui Fluorochemicals make, a PTFE formed 
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element 60%) of dispersion solutions of PTFE into this mixture, agitating 17.5ml (made in 
[ Aldrich ] the U.S.) of 5wt% Nafion solutions, gradually, in addition, it agitated for 30 more 
minutes and catalyst dispersion liquid were produced. 

[0051] These catalyst dispersion liquid were applied to the circle configuration with a diameter of 
3cm to both sides of the double layer electrolyte membrane A with the spray, it dried and the 
catalyst bed was formed in both sides of the double layer electrolyte membrane A. The catalyst 
distribution object was applied so that the content of the platinum catalyst of this catalyst bed 
might become about 0.5 mg/cm2. 

[0052] The carbon paper which has next the water repellence judged in diameter of 3cm as a 
gaseous diffusion layer in the double layer electrolyte membrane A in which the catalyst bed was 
formed to these both sides has been arranged on both sides, it joined to one with the heating 
pressure welding (for 120kg/cm2, 135 degrees C, and 5 minutes), and the gas diffusion 
electrode-double layer electrolyte membrane zygote A was produced. 

[0053] Thus, the produced gas diffusion electrode-double layer electrolyte membrane zygote A 
was pinched with the metal separator with which the gas supply way was formed, and the solid- 
state polyelectrolyte mold fuel cell A of this invention was constituted. 

[0054] This solid-state polyelectrolyte mold fuel cell was operated on conditions next, and the 
cell was supplied by the flow rate from which a utilization factor becomes 70% to . fuel gas which 
measured the current-voltage characteristic using pure hydrogen. The cell was supplied by the 
flow rate from which a utilization factor becomes 50% in oxidation gas using pure oxygen. The 
reactant gas of oxygen and hydrogen was supplied with atmospheric pressure, respectively, and 
humidified neither of the reactant gas. It circulated through the 65-degree C coolant on the cell, 
and cell temperature was kept constant 

[0055] After purified water washed Nafion 112 film of [example 2] marketing 3 times, and having 
boiled with the hydrogen peroxide solution of concentration 3% for 1 hour, and having carried out 
time washing with purified water, and then 0.5M having boiled for dilute-sulfuric-acid 1 hour and 
permuting by the proton mold, purified water washed 5 times. Let this be an electrolyte 
membrane B. 

[0056] It is the following, and the solid-state polyelectrolyte mold fuel cell equipped with this 
electrolyte membrane B was made and produced. 

[0057] First, the catalyst dispersion liquid prepared in the example 1 with the spray were applied 
to the circle configuration with a diameter of 3cm to both sides of an electrolyte membrane B, it 
dried and the catalyst bed was formed in both sides of an electrolyte membrane B. The catalyst 
distribution object was applied so that the content of the platinum catalyst of this catalyst bed 
might become about 0.5 mg/cm2. 

[0058] The carbon paper which has next the water repellence judged in diameter of 3cm as a 
gaseous diffusion layer in the electrolyte membrane B in which the catalyst bed was formed to 
these both sides has been arranged on both sides, it joined to one with the heating pressure 
welding (for 120kg/cm2, 135 degrees C, and 5 minutes), and the gas diffusion electrode- 
electrolyte membrane zygote B was produced. 

[0059] Thus, the produced gas diffusion electrode-electrolyte membrane zygote B was pinched 
with the metal separator with which the gas supply way was formed, and the solid-state 
polyelectrolyte mold fuel cell B of this invention was constituted. 

[0060] This solid-state polyelectrolyte mold fuel cell B was operated on the same conditions as 
an example 1, and the current-voltage characteristic was measured. 
[0061] The current-voltage characteristic of the solid-state polyelectrolyte mold fuel cell 
produced in the examples 1 and 2 is shown in drawing 6 . The solid-state polyelectrolyte mold 
fuel cell A equipped with the double layer electrolyte membrane A of this invention has cell 
voltage higher than the solid-state polyelectrolyte mold fuel cell B equipped with the usual 
electrolyte membrane so that clearly from draw ing 6 . In spite of operating reactant gas by non- 
humidified operation, a solid-state polyelectrolyte mold fuel cell equipped with the double layer 
electrolyte membrane of this invention is high power. 

[0062] The internal resistance in the condition that these solid-state polyelectrolyte mold fuel 
cells are operating was measured using the internal resistance meter (TSURUGA MODEL 3562). 
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The relation of current-internal resistance is shown in drawing 7 . [f, as for the solid-state 
polyelectrolyte mold fuel cell B, a current increases, internal resistance will also increase, but 
even if, as for the solid-state polyelectrolyte mold fuel cell A, a current increases, most 
increases of internal resistance are not seen. Water is held at the hole part of the porosity 
electrolyte with which the double layer electrolyte membrane with which the solid-state 
polyelectrolyte mold fuel cell A is equipped has the hole of three-dimensions free passage 
nature, and the moisture content of an electrolyte membrane becomes high. For this reason, it is 
thought that increase of resistance of the electrolyte membrane resulting from the fall of the 
moisture content of an electrolyte membrane is controlled. 

[0063] That is, even if it supplies without the resistance overvoltage resulting from increase of 
the membrane resistance of an electrolyte membrane becoming small and humidifying the gas of 
a fuel or an oxidizer, since the water retention of an electrolyte membrane will improve, if the 
double layer electrolyte membrane of this invention is used, the solid-state polyelectrolyte mold 
fuel cell which operates to stability can be offered. 
[0064] 

[Effect of the Invention] When the double layer electrolyte membrane of this invention forms the 
porosity electrolyte which has the hole of three-dimensions free passage nature, electrolytic 
water retention increases. For this reason, when this double layer electrolyte membrane is used 
for a solid-state polyelectrolyte mold fuel cell, even if it operates with non-humidified reactant 
gas, increase of the membrane resistance resulting from reduction of the moisture content of an 
electrolyte membrane can be controlled, it has and a high increase in power by reduction of the 
resistance overvoltage of a solid-state polyelectrolyte mold fuel cell can be attained. 



[Translation done.] 
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